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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
The timber is used in different parts of construction industry. The use of timber as a structural elements requires special 
attention in structure design. A timber structure state of art has numerically been designed. FEM was employed in numerical 
simulation of timber structure. In order to understand seismic resistance of timber structure, the forcing frequency was applied 
on the structure in different modes. Load, displacement and stress on structure were investigated. All results has been 
presented in form of graphs. Results indicate the possibilities of safe timber structure constructions. The shape of horizontal 
displacement of column, located at the corner of structure, has been identified. The flexibility of structure has been discussed. 
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1. Introduction 
The traditional full-timber buildings are available in many part of the world for different use. There is an 
investigation on timber-framed wall. The mode  was su table for analysis of the lateral load impact (wind, 
earthquake) on the building, by using simple 3-dimensional FEM software (Vogrinec et al. 2016). The seismic 
strengthening and seismic improvement of timber structures were studied and it has been found that the structural 
scheme must be verified to balance horizontal forces (Parisi and Piazza 2015). A post-tensioned timber frame with 
hardwood reinforcement was analyzed with a series of static pushover-tests. The frame was loaded with a horizontal 
force while the displacement was recorded (Wanninger and Frangi 2016). The vertical loads has been applied to 
timber connection. These loads were closer to horizontal load cases (wind, earthquakes), but they were never 
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earthquake) on the building, by using simple 3-dimensional FEM software (Vogrinec et . 2016). The seismic
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cheme must be verified to balance horizon al fo ces (Parisi and Piazza 2015). A post-t si ne  timber frame with
hardwood reinforc ment was nalyzed with a series of st t c pushover-tests. The frame was l aded with a horizontal
fo ce while the displacement w s r corded (Wanninger and Frangi 2016)  vertical loads has been applied to
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intended to check the performance of such structures under horizontal loading (Wanninger and Frangi 2014). The 
prediction of wood properties within structures and buildings are studied (Sandak et al. 2015). To design a timber 
structure we could refer to European standards (EN1995-1-1) for designing and the assessment of existing structures 
(MKS EN1995-1-1). The linear and nonlinear analysis of several materials have numerically been studied (Di Cocco 
et al. 2015; Namdar and Feng 2014; Namdar et al. 2016). In this paper five timber structures have been modeled and 
subjected to the forcing frequency in different modes in order to analyze nonlinear horizontal displacement of 
column located at the corner of structure, to evaluate flexibility of timber structure and to realize the effects of 
forcing frequency on timber structure. Totally 15 modes of frequency were applied on all models. The load-
displacement curve was depicted, as a main research outcome. 
 
Nomenclature 
r function of time  
M  mass matrix 
C damping matrix 
K static-stiffness matrix 
R loads 
ω excitation frequency 
P amplitudes of the loads  
u amplitudes of displacements 
S dynamic-stiffness matrix 
2. Theoretical concept 
To perform the spatial discretization, the finite element method was applied whose equations of motion were 
developed by assembling the elements matrices. It is included; 
 
[M]{r�} + [C]{r�} + [K]{r} = {R}         (1) 
 
The vector {r} is a function of time, it contains the displacements of all unconstrained degree of freedom of all 
nodes. The matrices [M], [C] and [K] represent the mass matrix, the damping matrix, and the static-stiffness matrix 
respectively which are constant for a linear system. The vector {R} denotes the prescribed loads, which are a 
function of time, acting in the direction of the displacement in all nodes.  
For an harmonically varying load with the excitation frequency ω, 
 
{R} = {P} exp (iωt)          (2) 
 
The response will be; 
 
{r} = {u} exp (iωt)          (3) 
 
The vectors {P} and {u} represent the (complex) amplitudes of the loads and displacements, respectively. The 
equations of motion (Eq. 1) are formulated as 
 
[S]{u}={P}            (4) 
 
Where the dynamic-stiffness matrix [S] is specified as 
 
[S] = [K] + iω[C] – ω2[M]   (Wolf, 1985)        (5) 
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column located at the corner of structure, to evaluate flexibility of timber structure and to realize the effects of 
forcing frequency on timber structure. Totally 15 modes of frequency were applied on all models. The load-
displacement curve was depicted, as a main research outcome. 
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3. Numerical analysis and materials 
The proposed finite element model describes the displacement, load and stress during applied forcing frequency 
on timber structure. The numerical simulation was performed by analyzing timber structure models according to the 
nonlinear theory of elasticity in finite element method. All results of numerical simulations presented in this paper 
were obtained by executing ABAQUS. The applied load on model was forcing frequency in 15 different modes. The 
load and displacement are considered important parts of study. The structure has been modeled with deformable 
mesh. In order to identify failure mechanism of timber structure, the deformation of column located at the corner of 
structure were monitored. Five types of timber structure have been evaluated (figure 1 and table 1). For the material 
properties, the modulus of elasticity (E) of 14,750*106 (N/m2), the density of 620 (kg/m3), and the Poisson’s ratio to 
0.3 have been used. The three-dimensional finite element models was created. The numerical model consisted of five 
types of floors (figure 2) made according to table 2. The columns that have been used in all models have equal sizes 
(figure 3).  
 
     1 Floor                              2 Floors                           3 Floors                            4 Floors                            5 Floors  
Fig.1. Timber structure models 
 
                               Table 1. Timber material properties (Dackermann et al. 2016). 
Specimen Young’s modulus (N/m2) Poisson’s ratio Density (kg/m3) 
Timber 14,750 *106  0.3 620 
 
 
     Type 1                                  Type 2                                          Type 3  
   Type 4                                                Type 5            
Fig. 2. All floors used in timber structure models 
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 Fig.3. Column used in timber structure  
        Table 2. Types of floor used in different structure. 
Number of floor Type floor used in structure from higher to lowest floors 
1 1 - - - - 
2 1 2 - - - 
3 1 2 3 - - 
4 1 2 3 4 - 
5 1 2 3 4 5 
4. Results and discussion 
In general, at the seismic analysis of the timber structure, the good estimations can be achieved if only few modes 
(even only mode 1) are activated (Dackermann et al. 2016). With attention to this point in this paper, mode one has 
been selected to evaluation load, displacement and stress of column, located at the corner of structure. To investigate 
stability of structure, the general shape of structure has been the same in all models and it has been increased only 
the number of floors.  
The figure 4 indicates that, forcing frequency exhibits higher fluctuation if the structure height is smaller. And 
also timber structure easier collapse with increasing height. According to figure 4, the proposed model enhances 
flexibility of whole structure with increasing height of structure.  
Figure 5 shows that horizontal displacement of the single column located at the corner of structure is reduced with 
the increasing height of structure, while the shape of horizontal displacement is moderated by the increasing height 
of structure.  
The founding in figure 4 is verified with data in figure 5. From figures 6 and 7 it has been understood that the 
maximum load and stress are applied at the extremities of the column, while the minimum load, stress and 
displacement were found at the center of the column. In all models, columns are deformed because of the flexure. 
The flexural deformation is reduced with increasing height of structure. 
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 Fig. 4. Forcing frequency in different modes 
 
 Fig. 5. Displacement Vs distance from the base to top level of column, for column located at the corner of structure 
 
 
 Fig. 6. Load Vs distance from the base to top level of column, for column located at the corner of structure 
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 Fig. 7. Stress Vs distance from the base to top level of column, for column located at the corner of structure  
 
The lateral force is distributed in the base of each column, and governs the horizontal dynamic stiffness of the 
structure. It affects the whole seismic system stability behaves resulting in different flexibility of any modeled timber 
structures.  
5. Research requirement 
The acceleration time history corresponds to the earthquake depicted in figure 8. The acceleration is in X 
direction. In the numerical simulation, the timber structure needs to be subjected to ground acceleration in both X 
and Y directions, in order to understand real seismic behavior of structure. And also all types of structure lateral 
support have to be modeled and analyzed in numerical simulation of timber structure. Results need to be compared 
to withdraw concrete conclusion. 
 
 Fig. 8. Ground acceleration time series need to be use in analyses (Erlend and Kaynia 2014) 
6. Conclusion 
This paper presented a dynamic-based approach for the evaluation of seismic stability of timber structures 
considering the shape of structures to understand its seismic stability. A type of timber structure has been simulated. 
The models were from single up to five stories. The forcing frequency has been applied on structure in 15 modes. 
The mode one has been selected for analysis of the displacement, load and stress during applied forcing frequency 
on timber structure. Results indicated that the forcing frequency and displacement have considerably changed in 
structures of different heights. The proposed model enhance the flexibility of whole structure. The shape of 
horizontal displacement of column located at the corner of structure moderated with increasing height of structure. 
Due to load-displacement mechanism columns are deformed. The flexural deformations are reduced with increasing 
height of structure. Models support engineers for understanding the timber flexibility under the seismic loading. 
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